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NOTES
Chapter 1

® . real life Dr. Strangeloves...” The most prominent nuclear strategist
was Herman Kahn, author of On Thermonuclear War (Princeton University
Press, 1960).

® «_. wortds of Gregory Benfotd .. Deep Time, by Gregory Benford, is
published by Avon Books, NY, (1999).

@® <. Mathematictan and philosopher Frank Ramsey..” Fowundations of
Mathematics and other Logical Essays, by F. P. Ramsey, London, Kegan Paul,
Trench and Trubner, p. 291. Published posthumously in 1931.

® “ About 4.5 billion years ago...” For a fuller account of cosmic history,

see my book Owr Cosmic Habitat (Princeton University Press and Phoenix
paperback, 2003).

Chapter 2

® .. 1902 lecture entitled ‘Discovery of the Future’ ...” H.G. Wells’s Royal
Institution Lecture, given on 24 January 1902. was, unusually, reprinted in
full in the journal Nature, The programme note desctibed him as “H.G.
Wells, B Sc’: he was inordinately proud of the academic degree he had
gained by external study at London University.

® “_. Lee Silver, in his book ...” Remaking Eden, by Lee Silver, Avon Books,
New Yotk (1997).

® “In 1937 the US National Academy of Sciences ..” The NASA Study is
described, and interestingly critiqued, by C.H. ‘Townes, co-inventor of the
maser, in his book Making Waves, Springer-Verlag 1995.
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. thete can stll be revolutionary innovations, ..” Science and
technology now have a complex symbiosis, which didn’t exist a hundred
years ago: research triggers applications; equally, new techniques and
instruments boost scientific discovery.

“Ray Kurzweil ... The Age of Spiritual Machtnes, by Ray Kurzweil, Viking,
NY (1999).

“ .. circuits on a much finer scale, ..” One promising technique,
proposed by electrical engineers at Princeton University, involves
engraving the required pattern onto a sliver of quartz, putting a layer of
silicon on top of it, and then firing a laser to melt the part of the silicon in
contact with the quartz mould.

“the evangelists of nanotechnology ..” A recent survey of the nearct-
term prospects for nanotechnology is Owr Molecular Future, by Douglas
Mulhall, Prometheus Books (2002).

“l'he robotics pioneer Hans Moravec ... Mind Children: The Future of
Robor and Human Intelligence, by Hans Moraves, Harvard University
Press (1988).

“How much non-biological hardware ...” John Sulston, in Big Questions in
Science, H. Swain, ed., Jonathan Cape, London (2002), pp.159-163.

“The Californian futurologist Vernon Vinge ...” Vernon Vinge’s article on
the singularity appeared in Whole Earth magazine (1993).

“Futunsts like Freeman Dyson ...” The Sun, the Genome and the Internet , by
Freeman Dyson, Oxford University Press (1999).

“... discusses how to optimise ...” The Clock of the Long Now, by Steward
Brand, BasicBooks, NY, Orton Books, London (1999).

“... Norh America reverts to a medieval state ....” A1 Canticle for Leibowits,
by Walter M. Miller Jr., Orbit paperback, 1993 (first published in 1960).
“the ‘Gaia’ concept. ...” James Lovelock is quoted by Stewart Brand in
The Clock of the Long Now.
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Chapter 3
® <_187 million perished ...” The estimate comes from Z. Brzezinski, Out

of Control: Global Turmoil on the Eve of the Twenty-First Century, New York,
1993; this same number is endorsed by Eric Hobsbaum in his Age of
Extremes, Michael Joseph, London (1994).

“This was not only the most dangerous moment ..” Arthur M.
Schlesinger Jr.’s remarks were quoted in the New York Times, October 12,
2002, reporting on a conference held to mark (and reminisce a about) the
Cuban Missile Crisis on its fortieth anniversary At this conference new
facts emerged that showed that the wotld was even closer to the “knife
edge” than the public had previously realised. During the crisis a Russian
submarine was targeted by depth charges from a US warship. This
submarine carried a nuclear-armed torpedo, which could have been
launched with the concurrence of three officers. Fortunately, one young
officer, Vasily Arkhipov, held out against the pressure to launch the
torpedo, thereby staving off an escalation that could well have run out of
control.

“Even a low probability ..”” Robert McNamara was interviewed by
Jonathan Schell in the Netion.

“The Bulletin of Atomic Scientists was founded ...”” The bulletin of Alomic
Scientists is now published bimonthly by the educatonal Foundation for
Nuclear Science in Chicago (http:/ /www.thebulletin.org).

“... virtually every technical innovation ...” McNamara is quoted by Solly
Zuckerman in Nuclear lusions and Reality, Collins, London (1982).

... a world- wide blocking-out ...” The concept of nuclear winter was
proposed in a 1983 study by R.P. Turco, O.B. Toon, T.P. Ackerman, ].B.
Pollack, and C. Sagan (known as TTAPS). The quantitative details of this
study, depending on the amount of smoke and soot teleased, and how
long it would stay in the atmosphere, were the subject of subsequent

controversy .
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“The basic reason ... Nuclear Hlusion and Reality, by Solly Zuckerman. The
quotations are taken from pages 103 and 107.

“The total of excess material ...” Megaton and Megawatts, by R, L. Garwin
and G, Charpak, Random House (2002).

(L4 2

Technical Issues Related fo  the

Comprebensive Nuclear Test Ban Treaty, a report of the Committec on

argues that undetectable tests...

International Security and Arms Control, National Academy of Sciences,
published in 2002.

“.. founded a series of conferences....” Information on the Pugwash
conferences and their history is accessible on http://www.pugwash.org/.
The obscure village after which the conferences were named had
incongrucus associations in the UK, where “Captain Pugwash” was a
well-known cartoon character on children’s television.

“cease and desist ... The quotation is from an article by Hans Bethe in
the New York Review of books.

“... manifesto stressing the urgency ...” The Einstein-Russell manifesto
was recently reprinted, with commentary, by the Pugwash organisation.
“an international group convened ...” The Canberra Commission on the
Elimination of Nuclear Weapons presented its report to the Australian
government in 1997. In addition to those mentioned in the text, its
members included General Lee Butlér, former head of US Strategic Air
Command, and an eminent British soldier, Field Marshal Carver.

“... two most prominent personalities ...” For a detailed account sec
Brotherhood of the Bomb: The Tangled Lives and Loyalties of Robert
Oppenbeimer, Ernest Lawrence and Edward Teller, by Gregg Herken, Henry
Holt (2002).

Chapter 4

® . portrayed devastation ...” Tom Clancy is notable for the prescience
and technical fidelity of his plot lines. An eatlier novel, Debt of Honor,
featured the use of an airliner as a missile to attack the Capitol building in
Washington.
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“With modern weapons-grade uranium ...” Luts Alvarez is quoted on the
website of the Nuclear Control Institute, Washington, DC.

“A nuclear explosion at the Wotld Trade Center ...” This scenatio, along
with other related material, is discussed zn Avoiding Nuclear Anarchy, edited
by G.T. Allison (BCSIA Studies in International Security, 1996).

“We have slain the dragon ...”” James Wolsey was speaking at Us senate
hearings in February 1993).

“... crash onto the containment vessel.” A brief survey of these tisks (with
references ) is Nuclear Power Plants and Their Fuel as Terrorist Targels, by
D.M. Chaplin and eighteen co-authors, in Science 297, pp. 997-998, 2002.
In a later response, Richard Garwin claimed that the authots were
downplaying the risks, which had been treated more seriously in a
National Academy of Sciences report. (See also Science 299, pp.201-203,
(2003).

“.. he was mn charge of ..”” Bwbhazard, by Ken Alibek, with Stephen
Handelman, Random House, New York, (1999).

“The knowledge and techniques ...” Fred Ikle, March 1997, cited in The
Shield of Achilles, by philip Bobbitt, Penguin, NY and London (2002).

“... several scenarios were explored ..”” The Jason study of biological
threat was summarised in an article by Steven Koonin, provost of the
California Institute of Technology and chaitman of the Jason group, in
Engineering and Science, 64[3-4] (2001).

“... simulated a covert smallpox attack ...” The Dark Winter exercise was
cartied out by the Johns Hopkins Center for Civilian Biodefense
Strategies, in collaboration with the Center for Strategic and International
Studies (CSIS), the Analytic Services (ANSER) Institute for Homeland
Security, and the Oklahoma National Memorial Institute for the
Prevention of Tetrorism.

“ According to a report.” The report is Making the Nation Safer: The Roke of
Science and Technology in Countering Terrorism, National Acadery Press (2002).
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'® “t would be mteresting ...” George Poste, in Prospect (May 2002).

® <. had assembled a polio virus. ...” ]. Cello, A.V. Paul, and E. Wimmer,
Saence 207, p. 1016 (2002).

® . more effectively than natural mutations.” A technique used by a US
company called Motphotek involves increasing the mutation rate by
inserting into anpimals, plants, or bacteria a gene called PMS,,,,, a
defective version of a gene responsible for repairing DNA.

® «_ sequenced the human genome ..” Craig Venter’s project has becn
widely teported, for instance by Clive Cookson in Financial Times,
September 30, 2002.

® _risks stemming from error ...” The paper reporting the expetiments by
Ron Jackson and Ian Ramshaw was published iz the Journal of Virology
(February 2001).

® “.. even animals that had been previously vaccinated.” In The Demon in the
Freezer (Random House, 2002) Richard Preston reports experiments by
Mark Buller and colleagues at the St. Louis School of Medicine that
attempted to reproduce the Australian results. They got concurrent
results, except that some mice that had been recently vaccinated retained
their immunity against the modified mousepox virus.

® “orey goo scenatio” Engines of Creations, by Eric Drexler, Anchor Books,
NY (1986).

® “_.biovorous replicators.” There are some limits on the virulence and
speed of a takeover, but these ate very crude and far from reassuring.
Robert A. Freitas, in a paper entitled “Some limits to global ccophagy by
biovorous nanoteplicators,” concludes that the replication time could be
as short as one hundred seconds.

® “ _self-destruct ‘paturally.” Another riposte is that an organism that
succeeds in evolutionary terms plainly must not despoil its habitat

completely, but , must instead maintain a symbiosis with it.
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Chapter 5

“... designing web pages...” The content of the now-defunct Heaven’s
Gate cult website in now archived at http:
/ /wwrw.wave.net/upg/\gate/ heavensgate.html.

® “..cyber-community of the likeminded.” republic.com, by Cass Susstein,

published by Princeton University Press in 2001.

“ ... Millenarian believers.” A seties of books depicting the apocalyptic
era-the [ ¢f? Behind series-has topped bestseller lists in the US.

“... surveillance might be the least ...”” The Transparent Society, by David
Brin, Addison-Wesley, NY (1998).

“...through films and TV news reports.” According to a survey by the
Economist (December 20/27 2002 issuc), more than two billion people in
the developing world have access to satellite television. Although locally
produced programmes are increasingly favoured, the most popular
Western programme in several countries (including, for instance, Iran) is
“Baywatch”.

“..mood-altering medications..” Our Posthuman Future, by Francis
Fukuyama, Farrar, Strauss and Giroux (New York) and Profile books,
London (2002).

“If we can alter people’s desite ...” Steve Bloom’s article is in the
October 10, 2002, issue of New Scientist.

“... form of mind control ... Beyond Freedom and Dignity, by B.F. Skinner
Bantam/Vintage (1971).

(13

~ mentally abnormal human beings...” Philip K. Dick. The story for
Minority Report is in his collection of short stories.

“ever more tightly linked...” Clock of the Long Now, by Stewart Brand,
BasicBooks, NY, Orion Books, London (1999).

Chapter 6

“... a series of ‘long bets’.” The long bets were published in the May 2002
issue of Wired.
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“.. Whether such a theory even exists.” See further discussion of
fundamental theories in Chapter II.

“...to witness the outcome.” Steven Austad and Jay Olshansky have a bet
on this subject with a stake such that the heirs of the winner may, in
2150, receive as much as five hundred million dollars.

“... introduction of new drugs ...” “The Hidden Cost of Saying No,” by
Freeman Dyson appeared in the Bulletin of the Atomic Scientists, July 1975,
and is reprinted in fmagined Worlds, Penguin (1985).

“..research just the way it led me.” The Island of Dr- Morean, by H.G.
Wells, first published 1n 1896.

“declaration put forward in 1975 ...” Asilomar declaration. See discussion
in H.F. Jutson’s The Eighth Day of Creation (1979).

“.. attempt at self-regulation ..” The retrospective views of several
Asilomar participants are reported in “Reconsidering Asilomar,” The
Scientist 14[7]:15 (Apil 3, 2000).

“The views of scientists should not have special weight....”” There are two
issues, however, where specialists should be heeded: First, they are best
placed to judge whether or not a problem is soluble. Some problems,
though plainly important, are not yet ripe for a frontal attack, so it is no
good throwing money at them. President Nixon’s initiative for a “war on
cancer” was premature. Untargeted fundamental research was a better bet
at that ame. Second, when scientists argué that undirected “blue skies™
research can be the most productive, this is not just because they prefer
to be free to follow where curiosity leads them. Even from a hard-nosed
practical perspective this can be ttue: thirty years after Nixon’s
programme, a main challenge in cancer research is still the basic one of
understanding cell division at the molecular level.

“... they are now used in digttal cameras.” There has been an interesting

shift between the 1970s and today. The cutting-edge instruments used to
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be developed by the military, and were then adapted for scientific usc.
Now, The mass market for consumer electronics (digital cameras,

computer-game software, and consoles) often sets the state of the art.

® <. clone his elderly dog.” The donot, John Spatling, founder of the
University of Phoenix didn’t get his replacement dog, though the research
group cloned a cat for the first time in March 2002.

® “.. an open attitude with regard to students.” This openness plainly
should not extend to those who had no intention of gaining education,
but might masquerade as students simply to gain access to pathogens in
untversity laboratories. -

® “claimed to have gencrated nuclear ..” The cold fusion episode is
recounted in Too Hot to Handle, by Frank Close, Princeton University
Press 1991.

@® “_ investigating a puzzling effect ..” The Taleyarkhan paper in Sdence
295, 1868 (2002).

® “_. no impediment to openness.” Openness would not guarantee wide
and effective scrutiny if the scientific evidence came from some
enormous (and perhaps unique) facility, for instance, a spacecraft or a
huge particle accelerator. In such cases the main safeguard has to come
internal quality control within the research group, which is likely to be
large and intellectually diverse in these cases.

® “in favour of ‘going slow’.” Bill Joy, “Why the Future doesn’t need us,”
was the cover article in the April 2000 issue of Wired.

Chapter 7

® “. named Shoemaker-Levy after its discoverers.” The comet was
discovered by Eugene Shoemaker, an expert on lunar and planetaty
studies; his wife; Carolyn; and David Levy, an asttonomer based in
Arizona. In 1993 the comet passed close to Jupiter and the tidal effect of
the planet’s gravity tore it apart, into about t;venty pleces. It was possible

to calculate that the fragments would actually crash into Jupiter sixteen
months later.
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® “Itis a minor sk, ....”" Repoert on the Hagard of near Earth Objects, prepared
for the UK government by a committee chaired by Dr. Harry Atkinson.
® . a Tunguska-type event wipes out Northern Italy..” Rendegpous with
Rama, by Arthur C. Clarke (1972).

® “Spaceguard’-type projects...” The relevant NASA report is at
http://impact.atc.nasa.gov/repotts/spaceguard/index.html.

® “_. to divert the trajectory ....” As Carl Sagan noted, if it became feasible
to change the orbits of asteroids, the technology could be used to divert
them towards Earth rather than away from it, greatly increasing the
natural “baseline” impact rate and turning asteroids into weapons, or
instruments of global suicide.

® “The Totino number assigned ..” The Totino scale is desctibed on
http:/ /impact.arc.nasa.gov/torino/.

® “_. a more refined index ....” The Palermo scale was proposed in a paper

by S.R. Chesley, P.W. Chodas, A. Milani, G.B. Valsecchi, and D.K.
Yeomans, Icarus 159, 423-432 (2002).

Chapter 8

® “ The totality of life ...” The Future of Life, by E.O. Wilson, Knopf, New
York (2002).

® “ e are butning the books ..” Robert May, Current Science 82, 1325
(2002).

® “.. a Library of life ...” Gregory Benford’s proposal is described in his
book Deep Time.

® «.. “footprint’ needed to support each person ..” The “footprint”
concept is discussed in the WWF “Living Planet Report” at
http://www.panda.org.

® “Almost ten percent ...” These figures come from a recent report by
NMG-Levy, a South African labour relations organisation.

® “_other calamitous ‘natural’ plagues ....” Paul W. Erwald in The Nexz Fifty
Years, Vintage Paperbacks (2002), John Brockman, ed., p.289.
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® “_ . from decades to hundreds of millions of years.” Five hundred million
years ago, thete was twenty times more carbon dioxide in the atmosphere
than there is today: the greenhouse effect was then far stronger. But the
average temperature was not substantially higher in that era, because the
Sun was intrinsically fainter. The carbon dioxide started to fall when
plants colonised the Jand, consuming this gas as the raw material for their
photosynthetic growth. The gradual brightening of the Sun, a
wellunetstood consequence of the way stars change as they get older, has
counteracted the diminishing greenhouse effect, with the consequence
that the mean global temperature has not changed much. There have
however been fluctuations, between glacial and interglacial periods, of as
much as ten degrees (centigrade) from the average value. Fifty million
years ago, in the early Eocene geological era, there was still three times as
much carbon dioxide in the atmosphere as there is today. There is fossil
evidence for mangrove swamps and tropical forests in southern England
at that time; the local temperature was then about fifteen degtees higher
than it is now (though this was partly due to a shift in the continents and
in Earth’s spin axis, which placed England nearer the equator)

® .. that trap the heat” This effect makes the Earth five degrees hotter
than it would otherwise have been. The key question is how many extra
degrees of heating will be induced by human activities during this
centuty.

® “The anti-gloom environmental propagandist .. The scientific issues
regarding global warming are comprehensively discussed in the vatious
reports of the Intergovernmental Panel on Climate Change (IPCC), on
http:/ /www.ipcc.ch.

® “.the ‘conveyor-bel flow pattern ..” A clear discussion of the
“conveyor belt” concept is in W.S. Broecker, “What If the Conveyor

Were to Shut Down ? Reflections on a Possible Qutcome of the Great
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Global Experiment,” GSA Today 9(I):1-7 .(]anuary 1999). He notes that
there heave been sudden coolings in the past that if replicated, would
transform Ireland’s climate into that of Spitsbergen, turn Scandinavian
forests into tundra, and freeze the Baltic Sea all the year round. He adds,
however, that it there were a four-to five-degree warming before a
human-in-duced “flip” occurred, the outcome, though still unpredictable,
would be unlikely to be so extreme.

® « rh;: next ‘flip” much more imminent.” The Skepizcal Environmentalist, by
Bjorn Lomberg, Cambridge University Press (2001).

® “Earth would need to be substantially hotter than it actually is ...” Such a
runaway could occur it the cartbon dioxide level rose anywhere near to
what it was 500 million years ago, the Sun being several percent brighter
now than it was then. But the projected rise in carbon dioxide induced by
human activities amounts to no more than a doubling - small compared
to the twenty-fold changes that have occurred on geological timescales.
In the natural coutse of events, the grz;duaﬂy—brightcning Sun could
trigger a runaway greenhouse effect due to evaporation from the oceans
pethaps a billion years from now (even with present carbon dioxide
levels). This could destroy land-based life far sooner than the more
violent convulsions that accompany the Sun’s death-throes 6 or 7 billion
years hence. Greenhouse warming even more drastic on the torrid planet
Venus.

® “_ Chatles, Prince of Wales...” He was lecturing at Cambridge University
m 1994, at the inauguration of a Global Security Programme at the

University.

Chapter 9

® . the “precautionary principle.” There is huge literature on this subject.
See, for instance, Rethinking Risk and the Precautionary Principle, cdited by

Julliml Mortris, Butterworth-Heinemamm (2000).
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® “Edward Teller contemplated the scenario ..” Memoirs: A Twentieth
Century Journey in Science and Politics, by Edward Teller, Perscus, p. 201
(2001).

® < a Los Alamos report.” E. Konopinski, C. Marvin, and E. Teler, lgziitz'oﬂ
of the Atmosphere with Nuclear Bombs, Los Almos Report. Until 2001 this
was available on the Los Alamos website.

® < an experiment at Brookhaven ..” COSM, by Greg Benford, Avon
Eos, NY (1998).

® < spatial dimensions beyond our usual three...” See the comments on
such theories in Chapter 1L

® <. scientist produces a new form of ice ..” Cat’s Cradle, by Kurt
Vonnegut, first published in 1963; available in e-version from Rosctta
Books.

® “Hut and I realised ...” Our paper was published as P. Hut and M.]. Rees,
“How stable is our vacuum?” 7z Nature 302, 508-508 (1983).

@® <« asked a group of expetts ...” The Brookhaven repott, entitled “Review
of Speculative ‘Disaster Scenarios’” at RHIC,”was published as R.L. Jaffe,
W. Busza, J. Sandweiss, and F. Wilczek Reviews of Modern Physics 72, 1125-
11-37 (2000).

® “_summarised the situation like this:”” The quotation is from S.L.
Glashow and R. Wilson, Nature 402,596 (1999).

® “__ a parallel effort ..” The work of the CERN-based scientists A. Dar,
A. de Rujula, and U. Heinz appeared as a paper entitled “Will Relativistic
Heavy Ion Colliders Destroy our Planct ?” ir Phys. Lett. B 470, 142-148
(1999)."

® “.. extinction cannot be felt ...” Jonathan Schell in Tke Fate of the Earth,
Knopf, New York (1982), pp. 171-172.

® < . lack of candour in discussing ...” Francesco Calogero’s article “Might
a Laboratory Experiment Now being Planned Destroy the Planct Earth?”
is i Interdisciplinary Science Reviews 23, 191-202 (2000).
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® .. personal assessment of what was at stake.” As I have emphasised in
Chapter 3, we seem to have actually been exposed to a higher risk than
most people realised, I would guess, than any but the most fervent anti-
Communists would have knowingly accepted,

® « . what constitutes an acceptable risk ...” Adrian Kent, “A critical look

at catastrophe nisk assessment,” Ris& (in ptess): preprint available as hep-
ph/0009204.

Chapter 10 .
® < friend and colleague Brandon Catter.” Carter’s paper was published as

“The anthropic principle and its implications for biological evolution,”
Phil Trans R-Soc A 310, 347.

® “This Doomsday argument ...” The most thorough critique of this kinc of
argument is in AAmthropzc Bias: Observation Selection Effects in Science and
Philosopby, by Nick Bostrom, Reutledge, New York (2002). Another
reference is C. Caves, Contemporary Physics, 41, 143-153 (2000).

® “An even simpler argument was used ...”” J.Richard Gott III, Implications
of the Copernican principle for our future prospects, Nature 363, 315
(1993) and his book Time Travel in Einstein’s Universe, Houghton Mifflin,
New York, (2001).

® < .. the Canadian philosopher John Leslie ...”” This azgument is presented
in Leslie’s book The End of the World: The Science and Ethics of Human
Extinction, Routledge, London (1996) (new edition 2000), which has a
comprehensive account of hazards and the Doomsday argument. The
author, a philosopher, brings zest to the gloomiest of themes. Further
references to the doomsday argument are given by Bostrom: in his book
cited eatlier.

Chapter 11
® .. John Horgan has claimed the latter ...” Horgan’s book The End of
science was published by Addison Wesley, NY, in 1996. Ar amtidote is
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What Remains fo be Disoovered, by John Maddox, Free Press, New York and
London (1999).

® “No matter how much we learn..” The quotation, a response to a
question by Heinz Pagels, is from 1 Memozr, by Isaac Asimov.

® “_ the quantum theory.” Quantum theory wasn’t the outcome of a single
brilliant mind. Key precursor ideas were “in the air” in the 1920s, and the
theotry was pioneered by a remarkable cohort of young theotists, led by
Erwin Schrodinger, Werner Heisenberg, and Paul Dirac.

® “It is a tribute ..” The quotation is from Stephen Hawking’s 1 Brief
History of Time, Bantam 1988. _

® “This theory is now confirmed...” As soon as the theory was proposed,
Einstein realised that it explained some mysteries about the orbit of the
planet Mercury. It was further confirmed in 1919 by Arthur Eddington
(one of my predecessors at Cambridge), who with colleagues measured
how gravity deflected light rays passing near the Sun during a total
eclipse.

® “_ limit to how precisely any clock can ever subdivide time.” Even
though there is as yet no theory of quantum gravity, the scales on which
Einstein’s theory must break down can be readily estimated. For example,
the theory cannot consistently describe a black hole sp small that its
radius is less than the uncertainty in its position implied by Heisenberg’s
relation. This gives a minimum length of about 10-33 c¢ms. The minimum
quantum of time, known as the Planck time, would be this length divided
by the speed of light, about 3 x 10-44 seconds.

® “.. a challenge for the twenty-first.” This conceptual gap actually did not
impede the huge twentieth-century advances in our understanding of the
physical world, from atoms to galaxies. This is because most phenomena
involve either quantum effects or gravity, but not both. Gravity is

negligible in the micro world of atoms and molecules, where quantum
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effects are crucial. Conversely, quantum uncertainty can be ignored in the
celestial realm, where gravity holds sway: planets, stars, and galaxies are
so large that quantum “fuzziness” has no discernible effect on their
smooth motions.

“currently the most favoured attempt at a unified theory ...” An accessible
and entettaining summary of string theories and extra dimensions is Strange
Matters: Undiscovered Ideas at the Frontiers of Space and Time, by Tom Siegfricd,
Joseph Henry Press (2002).

“Perhaps universes could be created...” This suggestion has be¢n
discussed by E.H. Fahri and A.H. Guth, (Phys. Lett. B 183, 149 (1987))
and by E.R. Harrison (Q.]. Rey. Ast. Soc. 36, 193(1995)) amongst others.
“... little more chance than a fish.” If physicists do discover a unified
theory, it would be the culmination of an intellectual quest that started
before Newton and continued through Einstein and his successors. It
would exemplify what the great physicist Eugene called “the
unreasonable effectiveness of mathematics in the physical sciences.”
Also, if it is achieved by unaided human intellect, it would reveal that our
mental powers can grasp the bedrock of physical reality, which would
actually be a remarkable contingency.

“The big surprises ...” ‘The quotation is from John Maddox’s book What
Remains to be Discovered noted above.

“..midway between atoms and stars.” In th ptologue to this book I cited
Frank Ramsey’s personal petspective on the world: humans, the focus of
his curiosity and concern, dominate the foreground; the stars are shrunk
to relative insignificance. Science actually offets an objective rationale for
this viewpoint. a viewpoint that is, of course, not peculiar to Ramsey, but
is shared by almost all of us. Stars are (from a physicist’s perspective)
huge masses of glowing gas, squeezed and heated to immense

temperatutes by their own gravity. They are simple because no complex
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chemistty could sutvive the heat and pressure. A living organism, with
layer upon layer of complicated internal chemistry, must therefore be far
less massive than a star to avoid being crushed by gravity.

® «_ atoms in each of us.” There are 1.3 x 10" nucleons (protons and
neutrons) in the Sun. The square root of this, 3.4 x 10-28 corresponds to
a mass of about fifty kilograms, within a factor of two of the mass of a
typical human being.

® . using ever mote powerful computets.” The absolute theoretical limit
to computer power, far beyond even what nanotechnology could achieve,
has been discussed by the MIT theorist Seth Lloyd, who considers a-
computer so compact that it 1s on the threshold of becoming a black
hole. See his paper “Ultimate physical limits to computation,” Nature
406, 1047-1054 (2000).

Chapter 12

® “.. no techniques sensitive enough to disclose any of these faraway
planets.” The most successful current technique is an indirect one that
involves detccting not the planet itself, but the small wobble in the
central star induced by the planet’s gravitational pull. Jupiter-like planets
induce motions of meters per second; Earth-like planets induce motions
of merely centimetres per second, too small to be measured. But Farth-
sized planets might reveal themselves in other ways. For example, if such
a planet moved in front of a star, it would reduce its brightness by less
than one part in ten thousand. The best hope of detecting this minuscule
dimming would be to use a telescope in space, where the starlight is
unaffected by Earth’s atmospherc and therefor steadier. A planned
European space mission called Eddington (named after the famous
English astronomer) should be able to detect these transits of Earth-like
planets across bright stars within the next decade.

Yeq
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® «__Terrestrial Planet Finder.” The tentatively favoured design - details atc
not yet finalised-would comprise four or five telescopes in space, arrayed
as an interferometerin which the light from the star itself cancels out by
interference (the peaks of the lightwaves reaching one telescope
neutralising troughs from the lightwaves reaching the other ) and so docs
not drown out the ultra-faint light from orbiting bodies.

® «_ possible ‘twins’ of our Earth.” It is unclear what fraction of stars
could have such a planet. Most of the planetary systems so far discovered
arc surprisingly different from our own solar system. Many contain
Jupitet-like planets on eccentric orbits much closer in than our own
Jupiter. These would destabilise any planct in a near-circular orbit at the
“right” distance for its parent star to be an abode for life. We cannot yet
be sure what fraction of planetary systems would permit a small Earth-
like planet.

® « Donald Brownlee and Peter Ward ..” Their book Rare Earth is
published by Copernicus, NY (2000). |

® “For all of life’s plenitude ..” The quctation is from Simon Conway
Motris’s article in The Far Future Universe, G. Ellis, ed., Templeton
Foundation Press (Philadelphia and London 2002), p.169. Scc also
Conway Mortris’s book The Crucible of Creation Cambridge University
Press (1998).

® <. a ‘head start’ on planets around these ancient stars.” The astronomer
Ben Zuckerman suggests (in Mercury, Sept-Oct 2002, pp. 15-21) another
reason why we would expect visits if aliens existed. He points out that
any aliens who had themsclves surveyed the Galaxy with instruments like
the Terrestrial Planet Finder would have identified the Earth as a specially
interesting planet with an intricate bibsphere long before humans came

on the scene, and so had plenty of time to get here.
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® “_ UFOs have indeed visited us.” We should maybe be thankful to be

left alone. An alien invasion might have the same effect on humanity as
Europeans had on North American Indians and the islands of the South
Pacific. Independence Day may be a truer depiction than ET.

® “an entire languagc for interstellar communication, ... Hans Freudenthal,

Lincos, a Langnage for Cosmic Intercourse, Springer, Berlin (1960).

Chapter 13

“... this picture should be complemented by another one, ...” The Fate of
the Earth, by Jonathan Schell p. 154.

“... advocated by the maverick engineer Robert Zubtin.” The “Mars
direct” strategy is described in The Case for Mars: The plan lo Settle the Red
Planet and Why We Must, by Robert Zubrn with Richard Wagner,
Touchstone (1996).

“Two years later ...” The relative positions of Earth and Mars are optimal
once every two years. That is the reason why two years is the natural time
interval between successive launches.

“... when propulsion systems are more efficient.” This same problem
would arise on any habitable planet, because gravity has to be this strong
to retain an atmosphere at a temperature suitable for life.

“... what kind of novel propulsion systems will prove most promising.”
Solar pranels can provide low thrust, for an unlimited time, in the inner
parts of the solar System, but in the outer regions sunlight is too weak,
and even large and heavy panels yield very low power. At present, probes
into deep space carry radiotsotope thermoelectric generators (RTGs),
which yield enough power for radio transmitters and the such equipment.
To provide thrust for propulsion (especially if one requires enough to
shorten journey times to the planets, rather than just midcourse
corrections), some kind of nuclear fission teactor would be needed. This
is a reasonable medium-term prospect. Longet-term and still speculative

options include fusion reactors and even matter-antimatter reactors.
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“Very thin carbon ‘yarns’ have already been made ...” See K. Jiang, Q.Li,
and S. Fan, Nature 419, 801 (2002).

“.. Gerard O’Neill, an engineering professor at Princeton.” O’Neill’s
ideas were published in the book The High Frontier, William Muzrow,
NY (1977), and promoted by an organisation called the “L5 Society.” L5
denotes a position in the Earth-Moon system specially appropriate for
locating a “habitat.”’G. Benford and G. Zebrowski’s anthology Skylfe:
Space Habitats in Story and Science collects a set of fictional and scientific
articles on this theme,

“Whether human beings will themselves have joined this diaspora...”” This
is one of Freeman Dyson’s favourite themes, first adumbrated in his
Betnal lecture. Indeed J.D Bernal in 1929 had ideas of this kind. A later
Dyson reference is Imagined Worlds, Harvard/Jerusalem lectures (2001).
“The tree of life may reach twice ..” Life Livolving: Molecules, Mind and
Meaning, by Christian de Duve, Oxford University Press (2002).

“... look forward to a near-infinite future.” In the 1960s, Arthur C. Clarke
envisioned the “Long Twilight” after the death of the sun and today’s
other hot stars as an era at once majestic and shghtly wistful. “It will be a
history illuminated only by the reds and infrareds of dully glowing stars
that would be almost invisible to our eyes; yet the somber hues of that
all-but-eternal universe may be full of colour and beauty to whatever
strange beings have adapted to is. They will know that before them lie, -
not the “... billions of years that span the past lives of the stars, but years
to be counted literally in trillions. They will have time enough, in those
endless acons, to attempt all things and to gather all knowledge. But for
all that, they may envy us, basking in the bright afterglow of creation; for
we knew the universe when it was young.” (reprinted in Profiles of the
Future, Warner Books, NY (1985))
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Chapter 14

® < dated the creation at Saturday afternoon ..” An accessible summary
of Archbishop Ussher’s life and work, and of progress towards our
modern chronology, is in Aeons, by Martin Gorst, Fourth Estate,
London (2001). Ussher’s chronology, starting with the creation in 4004
B.CE, was featured until 1910 in the Bibles published by the Oxford
University Press.

® «_.in this great Celestial Creation, ...” From Thomas Wright of Durham’s
An Original Theory or New Hypothesis of the Universe (1750), reprinted
by Cambridge University Press with an introduction by Michael Hoskin.
Wright goes on to set worldly troubles in a cosmic perspective more
relaxed than most of us could share: “I can never look upon the Stars
without wondering why the whole World does not become Astronomers
.. and reconcile them to all those little Difficulties incident to human

Nature, without the least Anxiety.”
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